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Abstract 

Fermilab high-energy photoproduction experiment E687 provides a sample 

of approximately 90 events of the decay mode D$ -+ qbp+v. The ratios of the 

form factors governing the decay are measured to be R, = 1.8 i 0.9 f 0.2 and 

Rz = 1.1 f 0.8 f 0.1, implying a polarization of I’l/I’t = 1.0 & 0.5 f 0.1 for the 

electron decay, consistent with our measurement of the form factors for the 

decay D+ --co + -,K p Y. 



We report on an analysis of 90 f 12 events of the decay mode 0,’ -+ +,u + v (charge 

conjugates are implied). The d a a were collected in the photoproduction experiment E687, t 

conducted in the Fermilab Wideband Photon beam during the 1990-1991 fixed-target run. 

The form factors for this decay are expected [l] t o b e similar to those for the decay Df -+ 

ff*‘Z+v which are well measured [2] [3] [4]. Initial interest in the 0,’ form factors developed 

when the first experimental measurement appeared to disagree with this prediction [5]. 

The E687 detector [6] studies high-energy photon-Beryllium interactions using a multi- 

particle magnetic spectrometer with excellent vertex measurement, particle identification, 

and calorimetric capabilities. The average triggered photon energy is approximately 220GeV. 

The trigger requires evidence of tracks outside the region where Bethe-Heitler pairs are pro- 

duced and a minimum energy of approximately 45GeV in our hadronic calorimeter. Charged 

particles emerging from the experimental target are tracked through a twelve-plane silicon 

microstrip vertex detector, an analysis magnet, three stations of multiwire proportional 

chambers, a second analysis magnet, and two more multiwire proportional chambers. The 

vertex detector measures decay proper times with approximately 0.048 ps resolution for 

charm particles which decay with all daughters detected in the microstrips. Three Cerenkov 

counters with different thresholds allow kaons to be separated from pions over a momentum 

range from 4.5 to 61 GeV/c. Particle tracks are projected through the inner electromag- 

netic calorimeter, hadron calorimeter, and additional shielding and are matched to hits in 

the inner muon detector consisting of three planes of scintillators and four planes of 5.08 cm 

diameter proportional tubes, covering approximately f 40 mrad. 

The data were reconstructed and then skimmed by requiring evidence of detached vertices 

in the event. Specifically, all high-quality two-track vertices were formed and the event was 

accepted if any two vertices were separated by more than 4.5~, where c is the error on the 

separation of the two-track vertices. 

In this analysis, all tracks are searched for correct sign, mass, lepton and Cerenkov 

identification combinations to form KKp candidates. All tracks must be found in the 

microstrips and the PWC system. The muon is identified in the inner muon detector where 
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it must leave hits in at least three of the seven planes if the momentum is less than 30 GeV/c, 

and at least five of the seven planes if the momentum is greater than 30 GeV/c. The kaons 
. 

must be identified by the Cerenkov system as kaon definite or kaon-proton ambiguous. 

We require the KKp combination to form a good vertex with a confidence level greater 

than 20%. Background from D,f --+ KKn, where the pion is misidentified as a muon 

(about 1% probability), is eliminated by requiring that the reconstructed KK,u mass be less 

than 1.9 GeV/c 2. To avoid possible contamination from diffractively photoproduced 4’s, we 

require that the value of pi for the $J with respect to the incident photon direction exceeds 

0.05GeV2/c2. 

The primary tool for eliminating non-charm backgrounds is to require a statistically sig- 

nificant detachment of the secondary vertex from the primary, production vertex. We find 

the primary vertex by searching for the most upstream high-quality vertex in the target 

region that can be made from the tracks which remain after the KKp combination is re- 

moved. The resulting primary vertex will contain two or more tracks. The distance between 

the primary and the secondary vertices is 1, its measurement error is CT~, and we require a 

detachment of e/u1 > 3. 

Finally, we require that the KKp vertex be isolated from other tracks in the event (not 

including tracks in the primary vertex) by requiring that the maximum confidence level for 

another track to form a vertex with the candidate be less than 10%. Figure 1 shows the 

KK invariant mass distribution for candidates which pass all cuts. 

To fit for the form factors, we use the matrix element form and methodology found in 

[2] and calculate the kinematic variables: cos 8,, the cosine of the angle between K, and the 

D, direction in the 4 rest frame, cosBl, the cosine of the angle between the v and the D, 

direction in the /..Lu rest frame, t, the square of the ,zu mass and x, the angle between the 

KK and /.AU planes in the D, rest frame defined as the angle between I?b x I?= and ,Z x 6. 

K, may be either the K+ or the K- and Kb is the other kaon. 0: and D; decays have the 

same definition of variables and no change is required in the matrix element. 

We assume that the reconstructed D, momentum vector points along the line defined 
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by the primary and secondary vertex. This leaves a two-fold kinematic ambiguity and we 

use the solution that gives the lower D, momentum which yielded slightly better estimates 

for the kinematic variables in Monte Carlo studies. Due to finite resolution, a significant 

fraction of events are reconstructed outside physical limits (the pl of the charged daughters 

relative to the D, direction implies the decay of a particle with a mass larger than the D, 

mass). These events are recovered by moving the primary vertex to the nearest physically 

allowed solution and recomputing the kinematic variables. Monte Carlo studies show that 

the inclusion of the recovered events does not significantly degrade the resolution of the 

four kinematic variables. We find that requiring that the reconstructed event be physical or 

nearly physical does not significantly improve signal to noise. 

To fit for the form factors we use the method found in [2] and [7] with one exception: 

we subtract the likelihood of events in the 4 sidebands * which avoids parameterizing the 

background. The result of the sideband subtraction is 90 f 12 signal events. This modified 

continuous likelihood method maximizes the fit parameters by maximizing the weights of 

Monte Carlo events that are kinematically near each data event. The method naturally 

includes the effects of resolution, acceptance, and efficiency. A Monte Carlo event is consid- 

ered near to a data event if it is less than l/20 of the kinematic range from the data point 

in each dimension. The fit result is not sensitive to the exact choice of this definition. 

We fit to cos B,, cos 81, t/&=, and x. In the absence of lepton mass effects, there are two 

axial and one vector form factor, Al(t), A2(t), and V(t). We assume these form factors have 

a single pole dependence with masses MA = 2.5 GeV and Mv = 2.1 GeV [2], and fit for 

the ratio of the form factors evaluated at t = 0: R, = V(0)/AI(O) and R2 = A2(0)/A1(0). 

When all effects of the finite muon mass [8] are included, as we do in our fit, a third form 

factor ratio appears, R3. We set this form factor ratio to zero and we are not sensitive to 

*Using 1.0195Gev/c2 as the 4 mass and 3MeV/c2 as A, we take the signal region as &2A and the 

sidebands as -6A -+ -4A and 4A -+ 6A. 



this assumption. 

The statistical errors returned by the fit include the effects of resolution, including the 

two-fold ambiguity. They do not include the effects of fluctuations in the subtracted back- 

ground likelihood. We estimate this effect by fitting many samples of Monte Carlo with 

background and find that the errors are underestimated by 30%. Our statistical errors in 

this paper have been corrected for this effect. Many analytic and Monte Carlo checks were 

performed to confirm our reported errors. 

The systematic error includes the change in the fit result when we subtract the expected 

backgrounds [9] f rom decay modes with a 4 and another particle misidentified as a muon. 

We assume that decay modes with a 4 and a p are negligible. We include the effect of non- 

Gaussian tails as measured by the fitting of many Monte Carlo samples. The systematic 

error also includes the uncertainty due to local variations in the muon identification efficiency 

and uncertainty in the triggering energy. 

Figure 2 compares the data with the distribution of a Monte Carlo weighted with the 

fit results. We find R, = 1.8 f 0.9 f 0.2 and Rz = 1.1 f. 0.8 & 0.1. R, and R2 have a 

correlation coefficient of +20%. To facilitate comparisons to other measurements, we report 

the polarization for the electron decay, i.e. we set the lepton mass to the mass of the electron 

and integrate over the appropriate parts of the matrix element. The polarization for these 

values of R, and Rz is I’llIt = 1.0 f 0.5 f 0.1. 

In Table I we compare our measurement of the form factors in the semileptonic decay 

0,s -+ &+v to th e only other measurement of the 0: --+ &.L+v form factors [5] and our 

Ds --+ Kl”p+v form factors [4]. W e note that the lower-statistics E653 D, measurement has 

errors comparable to our D, measurement and that our D, errors scale roughly as l/n 

from our D+ errors. Although we do not contradict the E653 measurement of the D, form 

factors, our values are consistent with our measurement of the D+ form factors. 
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FIGURES 

FIG. 1. The a) K-K+ mass for 0: + $pfv candidates with e/u! > 3. The solid line is a fit 

to the distribution. Due to the mass cuts defining the signal region, 90 signal events are used in 

the form factor fit. 

FIG. 2. Form factor fit projections: a) cos 8, for t/tmaa: < 0.5, b) cos 13~ for t/tmaa: > 0.5, c) 

~0~01 for t/tmar < 0.5, d) cos& for t/tmae > 0.5, e) x/T for cos0, < 0, f) x/7r for cos 0, > 0, 

g) &La,. The data is shown as the points with error bars, the weighted Monte Carlo is shown as 

the histograms. 



TABLES 

TABLE I. Form Factor Measurements 

signal background R, R2 wrt 

This paper 90 33 1.8 zt 0.9 f 0.2 1.1 f 0.8 f 0.1 1.0 f 0.5 ic 0.1 

E653 [5] 19 5 2.3 'A*; xk 0.4 2.1 ';zj & 0.2 0.543 0.21f 0.10 

E687 (D+ --+ K*‘/J+Y) [4] 866 130 1.74i0.27f0.28 0.78icO.18&0.10 1.20f0.13f0.13 
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FIG. 1. The K-1<+ mass for ot ---t $p+u candidates with e/at > 3. The solid line is a fit 

to the distribution. Due to the mass cuts defining the signal region, 90 signal events are used in 

the form factor fit. 
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FIG. 2. Form factor fit projections: a) cos 0, for t/tmat < 0.5, b) cos 8, for t/tmaz > 0.5, c) 

cost91 for t/tmaz < 0.5, d) cosBl for t/tmaz > 0.5, e) x/7r for cos8, < 0, f) x/7r for cos 8, > 0, 

g) wnaz. The data is shown as the points with error bars, the weighted Monte Carlo is shown as 

the histograms. 


